ABSTRACT. The negotiations are an inseparable part of the real estate buying and selling process. Currently real estate are characterized by the intensive creation and use of information, knowledge and automation (software, knowledge and decision support systems, neural networks, etc.) applications. It is commonly agreed that a better integration of information, knowledge and automation applications, as well use of voice stress analysis (one of biometric technologies) might be an effi cient mean for decision making in real estate negotiations. Voice stress analysis can help the negotiators to distinguish between truth and lies, improve the value of decisions made, signifi cantly speed up real estate sector processes, help to reach a better real estate sales and purchase agreement terms and decrease the overall cost of real estate search and negotiation processes. The authors' objective is to improve the quality and effi ciency of decision support systems. The article analyses scientifi c research related to negotiations and presents the developed Web-based Real Estate Multiple Criteria Negotiation Decision Support System with integrated voice stress analysis-a new generation of Decision Support Systems.
INTRODUCTION
The real estate sector was always one of the most important branches in Europe: historically, the growth of the construction and real estate sectors considerably affects the general growth of a country's economy. However, Information Technologies (IT) is less used in real estate (RE) when compared to other industries, and IT is rarely integrated. A number of EU countries consider IT applications in the real estate sector as one of the paramount tasks to be completed for successful results.
Under the traditional system, the real estate agent offers a package of services: showing homes, advising sellers on how to make the house more marketable, assessing current market conditions, providing information about home values and neighborhoods, matching buyers and sellers, negotiating the sale price, signing contracts, arranging for inspections, and assisting with closings, and so on.
The Internet and intelligent technologies can disaggregate the above services: the Internet searches for real estate, fi nds alternatives and prepares comparative tables, databases that provide information about real estate, their values and neighborhoods, match buyers and sellers, negotiate the sale price, assist with real estate selection, and lender selection, provides smart software for boilerplate contract's language, and personalized websites that manage complicated transactions.
In a rapidly changing real estate market conditions and the large demand and supply for real estate, it is diffi cult to adequately orient all the above in the existing situation and to make rational decisions without the help of intelligent systems, knowledge and data bases. IT is transforming entire industries, including the real estate sector; information is a very important factor in activities of the latter (Crowston and Myers, 2004) . Currently the global demand for e-negotiations is huge, and web-based negotiation systems are being developed.
Use of voice analysis (one of biometric technologies) might be an effi cient mean for decision making in construction and RE negotiations. Voice analysis can help the negotiators to distinguish between truth and lies. Voice stress analysis (VSA) is lie detection technology, which records psychophysiological reaction to stress affecting human voice (Hopkins et al., 2005) .
The developed Web-based Real Estate Multiple Criteria Negotiation Decision Support System was based on the best achievements of foreign scientists (taken from the literature review on negotiation research and negotiation support systems), as well as on the created real estate negotiation model (see Urbanavičienė et al., 2009 ) and the results of voice stress analysis performed by the authors in Vilnius Gediminas Technical University. This paper is structured as follows. A brief analysis of the main scientifi c fi elds dealing with negotiations, multiple criteria decision making and negotiation decision support systems (in Section 2) as well voice stress analysis (in Section 3) is provided as an example below. In Section 4 the created Web-based Real Estate Multiple Criteria Negotiation Decision Support System is presented and described as well a comparative description of testing the developed system is provided. Finally, some concluding remarks are provided in Section 5.
GAME THEORY, ECONOMIC THEORY, MULTIPLE CRITERIA DECISION ANALYSIS AND NEGOTIATION ANALYSIS IN NEGOTIATIONS
Initially, negotiations used to be analysed as part of the game theory (branch of applied mathematics). The book by Von Neumann and Morgenstern (1944) Theory of Games and Economic Behaviour started the contemporary game theory. Neale and Bazerman (1991) state that game theorists make assumptions about human nature and then mathematically deduce the results of a negotiator's choice. This theory analyses the consequences of negotiators' decisions, as well as the interaction of risk, common environment and a choice either to cooperate or to refuse cooperation considering the behaviour of other individuals. While studying negotiations, the game theory deals with a number of games; here, the games are often classifi ed as zero-sum games, in which a gain of one individual means loss for another, and non-zero-sum games, in which all players may win on a basis of individual decisions, as well as cooperative games when coalitions are possible and non-cooperative games which follow the rule of antipathy (Pearce, 2006) . Zavadskas et al. (2004) , Peldschus (2005 Peldschus ( , 2009 , Meszek (2008) and Turskis et al. (2009) analysed possibilities to apply the game theory methods in tasks related to construction technology and management, and demonstrated that typical tasks of construction technology and management correspond to zero-sum games of two persons. Zavadskas et al. (2008a) applied multi-criteria selection of contractor in a competitive environment using the game theory. Antuchevičienė et al. (2006) researched into mode lling of tasks for refurbishment projects through use of the game theory methods. The results proved the game theory methods suitable for effi cient solution of other similar tasks. Lately, scientists are analysing how the game theory could be used in the negotiation process of the client and contractor (Murtoaro and Kujala, 2007) . Keršulienė and Urbanavičienė (2007) analysed selection of a way to solve disputes between the client and contractor applying the game theory methods.
Game theory proved its usefulness in analysis of economic behaviour (Pearce, 2006) . Game theory provides a framework for analysing interdependent decision-making, for example, when the real estate buyer and seller or the client and contractor make rational and individual decisions independently of each other but their individual decisions interact to determine the payoff of each negotiating party. Full descriptions of the possible courses of each party's action make "strategies" (Raiffa, 1982) . However, analysis based on game theory rests on the assumption that all negotiating parties have complete information of the other party's choices, which is seldom the case in the real world (Murtoaro and Kujala, 2007) .
Game theory gave birth to utility theory, which, in turn, was expanded by adding multi-attribute utility theory, in which Keeney and Raiffa highlighted priority models based on theories of Von Neumann and Morgenstern (Keeney and Raiffa, 1993) and which is one of the main instruments for negotiation analysis. The multi-attribute utility theory is part of multi-criteria decision analysis (MDA). Numerous concepts of game theory were applied in MDA; therefore, the rise and evolution of game theory was useful for multi-criteria decision analysis (Figueira et al., 2005) .
Economic theory is applied in negotiation studies to examine the creation of the negotiation mechanism, to analyse experiments, as well as to study price and market mechanisms. Whereas negotiations are a price-determining market mechanism, microeconomics dwelt on numerous features of negotiations (indifference curve, transaction curve and economic pricing stra tegies, which can be used to validate the tactics of negotiators) (Pearce, 2006) .
Development of the negotiation mechanism enabled to suggest auction protocols (Ströbel, 2001) . Created at the beginning of the 1960s, the auction theory is one of the major achievements of microeconomics and game theory. Negotiations are often identifi ed with auctions (Ströbel, 2000) . Brzeski (2005) forecasts that one of possible future RE purchase-sale scenarios may be full replacement of traditional RE agent services, including consulting on funding and insurance, moving towards direct internet contacts. The last phase of this scenario might be complete transfer of real estate auctions to the internet. In such case, ISP would offer customer-specifi c services of web-based RE search or transactions. Specifi c segment of services would be bought via internet from brokers (RE valuation, negotiation support, agency), attorneys, legal consultants, construction experts, surveyors and providers of other market services.
Decision analysis (DA) and Multiple criteria decision analysis (MCDA) are fi rst and foremost related to behaviour of individuals, thus the decision-making theory and research are of interest to disciplines dealing with behaviour: psychology, economics, management, law, etc. Through statistical and other methods DA tries to fi nd out how negotiators make (Figueira et al., 2005) .
A rather simple act of decision-making actually is a complex process of negotiations and planning (Brown, 2005) . As Clemen (1996) states, decision analysis (DA) is the systematic decomposition and clarifi cation of a decision problem when the payoffs of one party do not depend on the decisions of other involved parties, anticipating an entity's actions. It proceeds by structuring and sequencing a party's choices and random events, then separating and subjectively assessing probabilities and values, as well as risk and preferred time. An expected utility criterion is used to aggregate these elements by ranking possible courses of action to determine the optimal variant (Murtoaro and Kujala, 2007) .
DA helps an individual negotiator to make individual decisions. The perspective of individual decision-making can help to get a general idea of the setting of an RE development and construction project and to guide behaviour of the client and contractor -primarily driven by own interests -towards joint benefi ts. It also enables comparison of the benefi ts of a joint agreement with a separate unilateral action (Murtoaro and Kujala, 2007) . The decision analysis gave birth to the negotiation analysis.
Negotiation Analysis (NA) is a logically consistent, complete framework oriented around the perceptions of the zone for possible agreement (Sebenius, 2002; Young, 1991) . Theoretical aspects of the approach join the three main research areas, i.e. the game theory, the decision analysis and the behavioural decision theory, all of which are generally based on the ideal of rational decision-making (Raiffa, 1982) .
Analytical models used in NA are built on the essential premise that a model's elements may change with time or be changed on purpose by behaviour, creativity and other actions of the negotiating parties. Besides, each party is assumed to have determined the best alternative to negotiated agreement (BATNA), i.e. the best course of specifi c actions (Ehtamo et al., 2004) .
The main advantage of NAA is simple systematic analysis. The disadvantage of the approach is that it mostly relies on the ideal of rational behaviour (Raiffa, 1982) . Presuming that decision-making is rational, the negotiating parties always calculate, i.e. set their own tasks, list their alternatives, assess them and select the best or the "optimal" alternative (Pearce, 2006) . Issues related to interpersonal and intercultural relations, tone of negotiations, different personalities, motivation and other similar aspects of negotiations are not defi ned (Sebenius, 2002) . Another positive aspect is that mutual open sharing of correct information and creativity help the parties to fi nd their integration potential (Pruitt, 1995) . When there is trust, the parties assume that other negotiating parties will not take an opportunistic approach and may reveal more information; therefore, better contracts are possible, which, in turn means, yet more trust (Raiffa et al., 2002; Turel and Yuan, 2008) .
Electronic negotiation systems
Negotiations mean decision-making. Advanced technologies used in negotiations help to make the decisions. The scientifi c literature describes various types of negotiation decision support systems (NDSS) (Rangaswamy and Shell, 1997; Chiu et al., 2005; Vetschera et al., 2006; Kersten and Lai 2007a; Agrawal and Chari, 2009) . NDSS are often classifi ed according to the level of (analytical) support to negotiators (Vetschera, 2007) .
According to Ströbel and Weinhardt (2003) , Kersten and Lai (2007a) and Kim et al. (2007) , the software and systems described in scientifi c literature and designed to assist negotiators and to automate negotiations include: decision support systems (DSS), group decision support systems (GDSS), negotiation decision support systems (NDSS), meeting support systems (MSS), negotiation software agents and negotiation software agents-assistants. All of them now are commonly classifi ed as electronic negotiation systems (ENS) (Ströbel and Weinhardt, 2003; Kersten and Lai, 2007a) .
For the purpose of decision support systems (DSS) for negotiations creation, negotiations are defi ned as a set of negotiation issues, options, compromises, utility functions and the level of resistance of the other negotiating party (Kersten and Noronha, 1999) . Most part of DSS appeared in 1960s; they gained popularity since 1980. Many of such systems were designed for complex tasks of negotiations, such as identifi cation of a confl ict, management and decision, attempts to reach a consensus, assessment of the agreement, balance analysis (Kersten and Noronha, 1999) . DSS assists a negotiator; it helps to assess the bids and offers, for example, to select a size of discount, to rate the offer, etc. The majority of such systems were generally intended for one user, a decision maker, and were applied in isolated computers or local networks. Some DSS are user-oriented, because they help users to understand and formalize their goals and preferences; other DSS are problem-oriented, because they help users to understand a problem's structure, to search for solutions and to make sensitivity analyses (Kersten and Lai, 2007a) . Here, issues related to negotiations are solved using specifi c DS methodologies, such as the analytic hierarchy process (Saaty, 1980) or the conjoint analysis (Angur et al., 1996) .
The need for specifi c negotiation DSS was realised as early as 1970. Negotiation decision support systems (NDSS), in contrast to DSS, provide additional support for the negotiation process helping users to understand the priorities and limitations of the other negotiating party and to foresee their actions, suggesting possible coalitions and advising on selection and use of discounts. They are necessary for processes, which may demand a lot of time and which involve two or more persons, decision-makers. Since 1990, systems designed for negotiation support were already in full compliance with the NDSS defi nition (Bui et al., 2001; Kersten and Lai, 2007a) , according to which a negotiation decision support system must have all capabilities of a DSS and must facilitate communication of negotiators (Lim and Benbasat, 1992) . The communication support is necessary in order the DSS part of the system would not lose any data when negotiators are interacting and negotiating via computers (Holsapple et al., 1995) . The main assumption behind NDSS is that the process of alternative decision-making supported by the system is achieved through a consensus (Kersten, 2003 ) and must become a contract. The main advantages of NDSS, according to Angur et al. (1996) , are as follows: (a) increased likelihood to reach an agreement; (b) increased likelihood of achieving an efficient compromise solution; (c) faster negotiation process by achieving a suitable decision for all negotiating parties.
Whereas a joint decision-making process is often characteristic of a negotiation procedure, its analysis became part of research on group decision support systems (GDSS) (Nunamaker et al., 1987) . The creation of DSS, some time latter, was followed by the creation of GDSS, which incorporated multi-criteria decision support models and offered group decision support for negotiations (Weistroffer et al., 2005) . GDSS, which are used in negotiations, are very varied. There are systems which do not interfere with the decision-making process but only provide the information necessary for decision-making. Some systems take up the entire role of a decision-maker (Angur et al., 1996) . When GDSS is used, an agreement is
The Web-Based Real Estate Multiple Criteria Negotiation Decision Support System ... negotiated as a decision made by a group of agents. GDSS helps the agents by facilitating information exchange or mediating the agreement. Such systems model the joint editing process of numerous e-documents, which later make the contract (Schoop, 2004) . Another typology of negotiation GDSS tries to express the utility function. Extension of GDSS means development of intergroup confl ict negotiation systems.
As the number of web-based commercial transactions was growing rapidly, the interest in partial or full automation of negotiations soon became a relevant topic for research (Skylogiannis et al., 2007) . The realisation that a separate class of special software is necessary for e-negotiations forced to supplement the group of already existing DSS, GDSS and NDSS, which assist persons in negotiations, with new types of software to facilitate and/or support negotiations and automate them: enegotiation table, negotiation agents and negotiation agents-assistants Weinhardt, 2003, Kersten and Lai, 2007a) .
E-negotiation table (ENT)
is software that provides negotiators with a virtual space serving as a negotiation table and tools which can be used in negotiations, and only the negotiating parties have access to such virtual space and may post offers and messages (Rangaswamy and Shell, 1997; Ströbel and Weinhardt, 2003) . This software facilitates certain activities in the internet, for example, search for partners, comparison of prices and determination of the value function. These tools may be independent of each other (users decide which and when should be used), but they must be mutually compatible and accessible to various users.
Two types of software systems, which successfully handled various aspects of automated negotiations, are based on the technology of software agents (Kraus, 1995) . The aim of a negotiation software agent is to automate one or more negotiation actions or take over the entire negotiation (Jennings et al., 2001) ; the most important of their goals is to help negotiators in achieving the desired agreements. Such agents offer knowledge and information about the negotiating parties, the process and the problem; they take up the role of analysts and experts.
Other systems -negotiation agents-assistants -although based on the same models and technologies, were developed to provide reasonable and independent pieces of advice, criticism and support to one or more negotiating parties. Such agents are not directly involved in negotiations; instead they monitor the process and provide negotiators with information and knowledge about the problem, the process and / or other negotiating parties (Chen et al., 2005) . The latter differ from NDSS by their autonomy and mobility, as well as by their ability to participate in negotiations partially. It is possible to design a negotiation software agent which assists only one negotiator and not all of them, thus giving such negotiator a competitive edge against the others (Kersten and Lai, 2007a) .
Part of research on application of automated negotiation targets the negotiation strategy, which allows an agent (software) to take part in automated negotiations on behalf of a user (Jennings et al., 2001) and to apply different tactics (Cardoso et al., 1999) . In automated negotiations, the negotiation strategy is a decision-making model used by the participants to achieve their goal under the negotiation protocol. The negotiation protocol is defi ned as a set of rules which limit an agent's actions. The tactics is creation of offers based on certain criteria. Strategies are derived in a formal way (Zlotkin and Rosenschein, 1996) or come from genetic algorithms (Tu et al., 2000) . Another research area of automated negotiations is related to formal aspects of arguments and discussions (e.g. systems with agents which persuade and negotiate making arguments through linguistic exchange) (Parsons et al., 1998) . In order to achieve a high level of inde-pendence, many systems of negotiation agents are based on artifi cial intelligence, such as case-base reasoning (Wong et al., 2000) , planning (Sycara, 1990) or fuzzy logic (Kowalczyk and Bui, 2000) .
The defi nition of E-negotiation systems (ENS) as a type of software used in webbased negotiations expands the description of negotiation software by adding any software which is able to help one or more negotiators. It includes communication systems used in negotiations (e.g. e-mail, chats and video conferences) (Moore et al., 1999; Lempereur, 2004) , other types of software used for communication and facilitation of negotiations (Yuan et al., 2003) , automated negotiations and auctions (Beam et al., 1999; Jennings et al., 2001) and software which combines negotiations and auction mechanisms (Teich et al., 2001) . The concept of an e-negotiation system was suggested to embrace all these systems (Bichler et al., 2003; Ströbel and Weinhardt, 2003; Kersten and Lai, 2007a) .
The more support ENS grants and the more actions the system performs independently, the more limited are the actions of a negotiator. The negotiation process model and negotiation protocol implemented in such ENS determine the limitations (Schoop, 2004; Kersten and Lai, 2007b) . In order the negotiators get meaningful support, ENS must have mechanisms able to help its users to make "good" agreements effi ciently (Ströbel, 2001 ). In such case the system must be based on a methodically reliable approach to negotiations (Goldman and Rojot, 2003) , including use of the negotiation procedure model (Gulliver, 1979; Bichler et al., 2003; Kersten et al., 2004; Benyoucef and Rinderle, 2006) .
Despite rather abundant scientifi c works on e-negotiation systems and automated decision support in negotiations, they describe only a few different NDSS suitable for negotiations in a construction process, namely WebNS (Yuan et al., 2003) , Negoisst (Schoop et al., 2003) , electronic negotiation of government contracts (Paliwal et al., 2003) , virtual real estate agent (Yen et al., 2000) , e-negotiations through mutual services (Cheung et al., 2003) and framework for supply chain coordination in construction (Xue et al., 2005) .
VOICE STRESS ANALYSIS
Systematic analysis of emotional effect on voice dates to 1960, when it was noticed that the emotional state and voice expression are related (Scherer, 2003) . In 2000, different specialists organised the international workshop "Voice and Emotions" to discuss these studies and various applied systems (technologies) used for speech and emotion recognition and derived from the studies (Douglas-Cowie et al., 2003) . Increasing interest in recognition of emotions in voice is observed recently (Wallis et al., 2006) .
Studies manly focus on incorporation of audiovisual communication types into interactive systems. For example, a system is able to determine user's emotional state from his/her facial expression or tone of the voice. These facts are also important in the area of real estate, because in some cases seller's emotional state is the direct reason of RE sales prices falling considerably below the average market price (McLean and Eldred, 2005) . Moore (1996) summarised the hefty impact on speech caused by stress, i.e. internal and external stressors (e.g. cognitive strain, psychological stress and emotions, physiological limitations, physical and mechanical stressors).
Numerous emotion recognition studies analysed prosodic features of speech signals: emotional effect on pitch, intonation and the speed of speaking. In short, these studies proved the possibility to classify expression of the main emotions (joy, sadness, fear, anger, surprise and disgust) through speech with an accuracy of 74% using acoustic information only, and with an accuracy of 83% using both acoustic and linguistic information (Rigoll et al., 2005) .
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Various systems with a broad variety of application possibilities exist; however, only a few of them can be deemed signifi cant for construction and RE: Virtual Real-Estate Agent, which shows housing options to potential buyers in an RE agency's website, and Voice Stress Analysis (VSA) used in insurance (it could be adopted in RE insurance, in revisions of RE sales information and in RE negotiations). The Virtual Real-Estate Agent (Casell et al., 1999 ) is a talking animated character who introduces listed apartments and houses for sale to buyers who come to agency's website searching for a home to buy; this character is able to recognise a potential buyer's emotions (and the degree of interest in the displayed housing option) from the intonation or facial expression, and respectively adjusts its facial expression, tone and the time period allocated for a specifi c housing option. Insurance companies adopted the voice stress analysis in order to identify complaints and the cases of cheating in customer calls (Hays, 2003) .
Voice stress analysers are based on simple technology. Voice analysis goes as follows: a conversation is recorded; then special software processes audio information and analyses speech frequencies. It has been established that muscles of human throat vibrate within the range between 8 Hz and 12 Hz due to the so-called microtremor discovered by Lippold (Lippold, 1971) . It is claimed that when persons are excited or are under stress, as is often a case when a person is lying or does not know the answer to a question, their muscles, including vocal chords, as if get ready for the fi ght and vibrate at a frequency between 10 Hz and 12 Hz, whereas calm and relaxed people speak within the range of 8 Hz and 9 Hz (Hopkins et al., 2005) . Voice frequency increases when a person is not sure about his/her statement or tells lies and in cases of other stressful situations: cheating, misleading, anger, excitement, reluctance, etc. Some people experience more stress than others; it may also depend on the mood. Voice frequency changes and reveals to what extent a person perceives his/her statement as dangerous, risky and damaging in case the truth is revealed.
VSA devices record the presence of stress subject to deception (Haddad et al., 2002) . VSA depends on three interrelated elements: electronic equipment (computer, application, telephone, microphone, audio record and processor), questioning technique and the researcher (Hopkins et al., 2005) .
WEB-BASED REAL ESTATE MULTIPLE CRITERIA NEGOTIATION DECISION SUPPORT SYSTEM
The scientists of Vilnius Gediminas Technical University created Web-based Real Estate Multiple Criteria Negotiation Decision Support System (REMC-NDSS). Modules of alternative creation, multi-criteria analysis and negotiation are used by REMC-NDSS, which allow the users evaluating own needs and possibilities and understand importance of comprising, assisting in seeking for mutual benefi t. REMC-NDSS can be found at the following web address: http://dss.vgtu.lt/ realestate/. The REMC-NDSS consists of a Decision Support Subsystem and Expert Subsystem. REMC-NDSS consists of a database, a database management system, model-base, a model-base management system and a user interface (see Figure 1) .
Real estate listings are an interface for a seller to post listings. The system provides forms for sellers or real estate brokers to fi ll in information about their real estate. Real estate brokers wishing to present information on their objects must receive permission from REMC-NDSS administrator. Having this permission the broker inserts all the necessary information about real estate objects under sale in the REMC-NDSS databases according to the system's requirements (i.e. system of criteria, values and weights of criteria). Access to the databases developed personally by brokers is provided only to the broker and to the REMC-NDSS administrator. At present the developed REMC-NDSS allows for the performance of the following fi ve main functions: search for real estate alternatives; fi nding out alternatives and making an initial negotiation table; analysis of alternatives; negotiations; determination of the most rational real estate purchase variant. In order to throw more light on the REMC-NDSS, a more detailed description of some of the above-mentioned Subsystem functions follows. A consumer may perform a search for real estate alternatives from databases from different brokers. This is possible because the forms of data submissions are standardized at a specifi c level. Such standardization creates conditions that can be applied to special intelligent agents that are performing a search for the required real estate in various databases, and the gathering information/knowledge.
Consumers specify requirements and constraints and the system queries the information of a specifi c real estate from a number of online brokers. The system performs the tedious, time-consuming, and repetitive tasks of searching databases, retrieving and fi ltering information, and delivering it back to the user. Search results for a specifi c real estate are submitted in a textual, photo/video and graphical information on the real estate's alternatives and the initial negotiation table, which may include direct links to a Web page of brokers. When submitting such a display, the multiple criteria comparisons can become more effectively supported. By clicking the link "Expert and quantitative description of variants", the expert and quantitative description of private houses' alternatives is presented (see Figure 2) . Each alternative described by the quantitative information (system of criteria, weights of criteria and values) has a number that coincides with the verbal and photographic information describing the mentioned alternative.
While going through the purchasing decision process a customer should examine a large number of alternatives, each of which is surrounded by a considerable amount of information/knowledge (economic, quality-architectural, aesthetic, comfort, infrastructure, technical, legal, technological) , and other factors. Following on from the gathered information and knowledge, the multiple criteria analysis is then carried out. By using multiple criteria methods (Kaklauskas et al., 2007a (Kaklauskas et al., , 2007b Zavadskas et al., 2007 Zavadskas et al., , 2008b as was developed by the authors, the buyer (broker) determines the initial priority, utility degree and market value of the analyzed real estate's alternatives. Clicking the link "Results of Multiple Criteria Evaluation" (see in the Figure 2) , the results of the multiple criteria evaluation of the private house's alternatives are thus demonstrated (see Figure 3) . In the lower part of the obtained result's matrix the calculated signifi cance of the real estate's alternatives, their priority and utility degree are presented (see Figure 3) . The upper part of the obtained result's matrix shows the numbering of the real estate's alternatives (see Figure 3 (left) ). By clicking these underlined numbers it is possible to calculate the market value of a certain alternative (see Figure 4) . The table presented in Figure 4 (left) shows the iterations made during the calculation of the real estate's market value. The same information, only in graphical form is presented in Figure 4 (right). And by moving a mouse above any column of the graphical part, the numerical value of the column can be seen. For example, the market value of the eighth alternative was calculated by making 15 iterations (see Figure 4 (left)). A buyer performing a multi-criteria analysis of all real estate alternatives selects the objects for starting the negotiations. For that purpose he/she marks (ticks a box with a mouse) the desirable negotiation objects (see Figure 5) . A negotiations email are created by the Letter Writing Subsystem and sent to all real estate sellers after the selection of the desired objects is made and then Send is clicked. During negotiations the buyer and the seller with the help of REMC-NDSS may perform real calculations (the utility degree, market value and purchase priorities) of the real estate. These calculations are performed on the basis of characteristics describing the real estate's alternatives obtained during negotiations (explicit and tacit criteria system, criteria values and weights). According to the results received, the fi nal comparative table is then developed. Following on from the developed fi nal comparative table the multiple criteria analysis and selection of the best real estate buying version is carried out by using REMC-NDSS.
There are two main categories of rules and procedures in the Expert Subsystem:
• Development of suggestions as to what brokers to use and for what reasons further negotiation should be carried out.
With the help of the REMC-NDSS having determined the sequence of priority, the degree of utility and the market value of the real estate, the rules of the expert's subsystem suggests what brokers to use and for what reasons further negotiation should be carried out.
• Composition of comprehensively reasoned negotiation e-mail for each of the selected brokers. By using information inherited from the previous REMC-NDSS calculations and predefi ned rules and procedures, the expert's subsystem composes of negotiation e-mail for each of the selected brokers, where it reasonably suggests that the price of the real estate should be decreased. The e-mail includes references to the calculations performed by REMC-NDSS.
Case study
The research performed by the authors included the following stages: voices of people selling their apartments were recorded in May-June and October-November of 2007, as well as in April-May of 2008, and then analysed. The sample included sellers of one-, two-and three-room apartments located in Antakalnis, Pilaitė and Žirmūnai districts of the city of Vilnius; their announcements about RE sales were listed in the advertiser newspaper Alio Reklama. Random announcements published in this newspaper were selected for the sample. A total of 152 voice recordings of people selling apartments were made and analysed; the specifi ed fl oor area of their apartments was compared to the information available in the database of the Centre of Registers. The sellers were asked three main questions, and their answers were recorded:
1. What is the fl oor area? 2. What is the price? 3. Would you agree to bargain? Figure 6 shows the data obtained from the analysis of conversation recordings, i.e. the voice frequency of a seller answering the question "What is the fl oor area?" and the delta (∆) value expressed as a percentage, which is the difference between the area specifi ed by the seller and the real area recorded in the database of the Centre of Registers.
Some real estate sellers did not lie and specifi ed the real fl oor area, others exaggerated the area. The sellers added between 0.01 m 2 and 6.8 m 2 to the fl oor area, which corresponds to 0.01-7.97 %. Recordings of false answers show voice frequencies between 11.0 Hz and 11.5 Hz. Recordings of people who specifi ed correct fl oor area show voice frequencies between 10.4 Hz and 11.3 Hz. Thus voice frequencies are slightly higher when persons lie about the fl oor area. Figure 6 shows that voice frequencies of all people who exaggerated the fl oor area were higher than 11.0 Hz. A trend can be observed that increasing deviation from the real area determines higher voice frequency. This fact is illustrated by the chart of variation trends of voice frequency and area difference shown in Figure 6 .
The The table of initial data for negotiations was prepared. More frequent alternatives/negotiation tactics used in real estate negotiations, such as "Go away", "An attractive alternative", "No more money" and others, were selected for real estate negotiations. The authors gave a more detailed description of these negotiation tactics in 2005 (see Kaklauskas and Urbanavičienė, 2005) . Criteria describing the alternatives (in this case negotiation tactics) were selected, for example: "The offered sales price is the last possible price of buying", "Possibility for a buyer to contact the seller later", "The buyer tells an agent or a seller he has seen a similar house and is very interested in this new option"…"Required time period", "Nervous strain"… and "The necessary level of buyer's negotiation skills". The criteria were ranked on a scale of 1 to 9 (1 -least important, 9 -most important), and the weight of each criterion was established. The created Webbased Real Estate Multiple Criteria Negotiation Decision Support System (REMC-NDSS) considers each negotiation tactics, generates relevant negotiating e-mails and sends to RE sellers selected by the buyer for negotiations.
Following on the developed fi nal comparative table the multiple criteria analysis and selection of the best real estate negotiation tactic are being carried out using REMC-NDSS (see Figure 7 a and b) .
In this case, the created REMC-NDSS shows that the tactics "Would you sell for ..... LTL?" has the priority and the buyer might use it in order to negotiate a better price for real estate. The second tactics recommended by the system is "An attractive alternative" tactics. The results of seller's voice stress analysis showed that the seller was lying. He claimed his apartment to be bigger than it really was. V. Urbanavičienė et al. It was checked with the real fl oor area of this apartment recorded in the database of the Centre of Registers. The difference between the real and the claimed fl oor area was 3%.
The buyer successfully applied the tactics recommended by the system (e-mails prepared by the system for each negotiation tactics) and bargained 4% off the initially specifi ed real estate price.
CONCLUSIONS
To improve efficiency of negotiations on terms of Real Estate Sales and Purchase Agreement, the Web-based Negotiation Decision Support System for Real Estate was developed based on the multiple criteria analysis model for real estate negotiations and the analysis of electronic negotiation decision support systems.
Created Web-based Real Estate Multiple Criteria Negotiation Decision Support System (REMC-NDSS) performs the following functions:
• Search for alternatives by the use of standardized data presentation forms.
• Finding out alternatives and making initial comparative tables. Consumers specify requirements and constraints and the System queries the information of specifi c real estate from a number of online brokers. The System performs the tedious, time-consuming, and repetitive tasks of searching databases, retrieving and fi ltering information and delivering the information back to the user. Results of a search of specifi c real estate are submitted in initial comparative table. By submission such a display, the multiple criteria comparisons can become more effectively supported.
• Multiple criteria analysis of alternatives.
While going through the purchasing decision process a consumer must examine a large number of alternatives, each of which is surrounded by a considerable amount of information (economic, quality, technical, legal, and other factors). Following on from the gathered information the priority and utility degree of alternatives is then calculated. During this analysis the buyer (broker) determines the initial priority, utility degree and market value of the analysed real estate alternatives.
• Negotiations based on real calculations.
During on-line-negotiations the buyer (seller) with the help of REMC-NDSS may perform real calculations. According to the results received the fi nal comparative table is developed.
• Determination of the most rational real estate purchase variant on the ground of characteristics describing effectiveness of the analysed alternatives (priority, utility degree and market value). Following on the developed fi nal comparative table the multiple criteria analysis and selection of the best real estate buying version are being carried out using REMC-NDSS.
• Presentation of recommendations. On this stage the system can offer to increase or reduce the price of an object being sold with consideration of object's popularity (this is set having assessed interest of users in object's system).
• The research included analysis of changing voice frequencies of real estate sellers and comparison of the frequencies with the difference between the claimed area of apartment for sale and the real area recorded in the Real Estate Register; a trend was noticed that increasing difference (bigger lie) determines increasing voice frequency. Therefore, voice stress analysis was applied in real estate negotiations to enable better assumptions about the other negotiating party and to select effi cient negotiation tactics.
• Using the e-mail function and the templates of negotiating e-mails generated by the system for each negotiation tactics, negotiators are able to provide extensive reasoning of their position. Considering that this system is adjusted for assessment of various alternatives and determination of rational option, it can be successfully applied seeking to set effi cient RE negotiation process.
The created REMC-NDSS system can be applied in practical implementation of negotiations in virtual environment.
SANTRAUKA NEKILNOJAMOJO TURTO DERYBŲ INTERNETINĖ SPRENDIMŲ PARAMOS SISTEMA -NAUJOS KARTOS SPRENDIMŲ PARAMOS SISTEMA
Vita URBANAVIČIENĖ, Artūras KAKLAUSKAS, Edmundas K. ZAVADSKAS, Mark SENIUT Derybos yra neatskiriama nekilnojamojo turto pirkimo ir pardavimo proceso dalis. Dabartiniam nekilnojamojo turto sektoriui būdingas intensyvus informacijos, žinių ir automatizavimo naudojimas bei kūrimas (programinė įranga, žinių ir sprendimų paramos sistemos, neuroniniai tinklai ir pan.). Sutariama, kad geresnis informacijos, žinių, automatizavimo, taip pat balso streso analizės (biometrinės technologijos) integravimas pagreitina nekilnojamojo turto sektoriaus veiklą. Balso streso analizė gali padėti derybininkams atskirti, kada sakoma tiesa, o kada meluojama, padidina priimamų sprendimų naudingumą, paspartina nekilnojamojo turto paieš-kos ir derybų procesus, padeda pasiekti naudingesnių pirkimo ir pardavimo sutarties sąlygų bei sumažina nekilnojamojo turto paieškos ir derybų proceso kainą. Straipsnio autoriai, siekdami pagerinti sprendimų paramos sistemų kokybę ir efektyvumą, analizuoja mokslininkų atliktų derybų srities tyrimų rezultatus ir pristato sukurtą nekilnojamojo turto derybų internetinę sprendimų paramos sistemą su integruota balso streso analizės technologija kaip naujos kartos sprendimų paramos sistemą.
V. Urbanavičienė et al. 
